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ABSTRACT
Late Paleozoic assembly of the AlexanderWrangellia-Peninsular composite terrane is
recorded by two phases of regional deformation, metamorphism, and magmatism within
basement complexes of the Alexander (Craig
and Admiralty subterranes), Wrangellia,
and Peninsular terranes in the Canadian and
Alaskan Cordillera. New secondary ion mass
spectrometry (SIMS) and chemical abrasionisotope dilution-thermal ionization mass
spectrometry (CA-ID-TIMS) zircon U-Pb
ages, whole-rock major- and trace-element
and Nd-Sr isotope geochemical compositions, and geological field observations of late
Paleozoic igneous rocks were used to identify
the precise timing and significance of this tectonism in the Saint Elias Mountains region
of southwestern Yukon and eastern Alaska.
Middle to Late Pennsylvanian (301–307 Ma)
igneous rocks, herein assigned to the Barnard Glacier suite, were preferentially emplaced along the Wrangellia-Craig subterrane boundary and mainly comprise syenitic
plutons that intrude Paleozoic country rocks
with evidence of Pennsylvanian or older (D1)
deformation. We propose that Barnard Glacier suite magmatism was produced by a slab
breakoff event after the consumption of a
narrow backarc ocean basin and early Pennsylvanian collision between the WrangelliaPeninsular arc and Craig subterrane passive
margin. Early Permian (284–291 Ma) dioritic
to granodioritic rocks, herein assigned to the
Donjek Glacier suite, comprise the vestiges
of an extensive magmatic system within the
Craig subterrane of southwestern Yukon and
southeastern Alaska. The available data sug†
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gest that the Donjek Glacier suite represents
part of a short-lived, Early Permian arc that
initiated along the outboard margin of the
Craig subterrane–Wrangellia–Peninsular
block after Pennsylvanian collision and slab
breakoff. At two field localities in southwestern Yukon, Paleozoic country rocks with D1
fabrics are also intruded by sills and dikes of
the Donjek Glacier suite that show evidence
of ca. 285 Ma regional deformation and
metamorphism (D2). Field evidence for Early
Permian tectonism in the Saint Elias Mountains implies direct connections with coeval
deformation and metamorphism in the Admiralty subterrane, a microcontinent in the
Admiralty Island region of southeastern
Alaska that developed separately from the
Craig subterrane prior to the Early Permian.
D2 tectonism was likely related to the entry
of the Admiralty subterrane margin into
the Early Permian subduction zone, which
resulted in collision and final amalgamation of the Alexander-Wrangellia-Peninsular
composite terrane. Our tectonic scenarios
require the currently accepted configuration of the Alexander terrane (composite of
the Craig and Admiralty subterranes) to
have only existed after the Early Permian
collision between the Admiralty subterrane
and the previously assembled Craig subterrane–Wrangellia–Peninsular terrane. Biogeographic and other geological data suggest
that the two-part assembly of the AlexanderWrangellia-Peninsular composite terrane
took place along a convergent margin to the
north of the Cordilleran pericratonic arc
terranes (Yukon-Tanana, Quesnellia, and
others), in between the paleo–Pacific Ocean
and paleo–Arctic Ocean realms, to the northwest of the supercontinent Pangea. The assembly of the Alexander-Wrangellia-Penin-

sular composite terrane might have been
associated with the Early to Middle Permian
subduction polarity flip recognized in the
Cordilleran pericratonic realm, which led
to the closure of a backarc ocean basin and
Late Permian arc-continent collision along
the western margin of North America.
INTRODUCTION
Cenozoic mountain belts of the southwest
Pacific Ocean region and Eurasian continent
provide strong evidence that arc-continent and
continent-continent collisions ultimately result
from the consumption of an ocean basin and
entry of a buoyant passive margin into a subduction zone (e.g., Dewey and Bird, 1970).
Analogous convergent margin processes can be
difficult to reconstruct in geologically complex,
pre-Cenozoic orogens, and it is therefore critical to identify the timing and petrogenesis of
collision-related magmatism to fully understand
the nature of ancient collisional events. Igneous
rocks that occur both within and immediately
adjacent to collision zones are some of the most
diagnostic features of collision-related magmatism. Predictable characteristics of collisional
magmatic suites within collision zones include
calc-alkaline or so-called arc-type geochemical
signatures, whereas magmatic suites that postdate collision by 5–25 m.y. may also include
alkaline or so-called non-arc-like geochemical
signatures (e.g., Pearce et al., 1984; Harris et al.,
1986; Turner et al., 1996; Liégeois et al., 1998;
Coulon et al., 2002; Altunkaynak, 2007; Whalen
et al., 2006). There is a growing consensus for
some of these arc-type to non-arc-like geochemical signatures to reflect a continuum of magmatic processes that initiate during final ocean
closure and collision, and eventually terminate
with the upwelling of asthenospheric mantle
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via the breakoff of subducted oceanic lithosphere (Davies and von Blanckenburg, 1995;
von Blanckenburg and Davies, 1995; Wortel
and Spakman, 2000; Gerya et al., 2004), lithospheric delamination (Bird, 1979; Seber et al.,
1996; Massonne, 2005), or convective removal
of a thermal boundary layer (Houseman et al.,
1981; England, 1993; Platt et al., 1998).
The North American Cordillera is an active
accretionary orogen that has been the site of
continued plate convergence and crustal growth
since the Late Permian (Burchfiel and Davis,
1975; Samson and Patchett, 1991; Ward, 1995;
Beranek and Mortensen, 2011). This orogen
has been assembled primarily through the collision of lithospheric fragments, known as
terranes, which now form a collage of faultbounded blocks adjacent to the western edge
of the Laurentian craton (Coney et al., 1980;
Saleeby, 1983; Colpron et al., 2007). The Alexander and Wrangellia terranes comprise two of
the largest terranes in the North American Cordillera and have long been of interest based on
their potential for reconstructing Phanerozoic
plate motions and global paleogeography (Berg
et al., 1972; Monger et al., 1972; Churkin and
Eberlein, 1977; Schweickert and Snyder, 1981;
Gehrels and Saleeby, 1987; Soja, 1994; Bazard
et al., 1995; Colpron and Nelson, 2009; Beranek
et al., 2012, 2013a, 2013b). Subjects of ongoing debate in the North American Cordillera
are the precise age and tectonic significance
of late Paleozoic igneous rocks that occur near
the major faults that separate the Alexander
terrane and Wrangellia in Alaska, Yukon, and
British Columbia (Figs. 1A and 1B). Gardner
et al. (1988) used field evidence and isotope
dilution–thermal ionization mass spectrometry (ID-TIMS) zircon U-Pb geochronology
to demonstrate that granitoid complexes in the
Wrangell Mountains of eastern Alaska cut
the Wrangellia-Alexander terrane contact, suggesting that these terranes have been a single
entity since at least the Pennsylvanian (upper
intercept age of 309 ± 5 Ma). Beard and Barker
(1989) reported discordant zircon U-Pb ages of
290–320 Ma (ID-TIMS) for equivalent rocks
in south-central Alaska and proposed that late
Paleozoic magmatism in Wrangellia was the
result of a collision with the Alexander terrane.
Bacon et al. (2012) brought new attention to this
debate and utilized secondary ion mass spectrometry (SIMS) zircon U-Pb geochronology
to conclude that 300–310 Ma magmatic rocks
also form part of the unexposed basement of the
Peninsular terrane (Fig. 1A) in southern Alaska.
Because the Alexander, Wrangellia, and Peninsular terranes—collectively known as the Alexander-Wrangellia-Peninsular composite terrane
or Insular superterrane—together accreted to
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the continental margin of western North America during the Mesozoic (e.g., McClelland and
Gehrels, 1990; McClelland et al., 1992; Trop
and Ridgway, 2007), an outstanding problem
relevant to Cordilleran evolution is whether or
not the late Paleozoic igneous rocks define a relict collision zone that resulted from the assembly of the three lithospheric blocks.
In this article, we use a combination of SIMS
and chemical abrasion ID-TIMS (CA-IDTIMS) zircon U-Pb geochronology, whole-rock
Nd-Sr isotope and major- and trace-element
lithogeochemistry, and field observations to
test the collision-related emplacement of late
Paleozoic intrusive rocks that crop out near
the Wrangellia-Alexander terrane boundary in
southwestern Yukon and eastern Alaska. The
new results are used herein to define the crystallization ages, magma source components,
and tectonic significance of two intrusive rock
suites in the Alexander terrane, the Pennsylvanian (301–307 Ma) Barnard Glacier suite and
the Permian (284–291 Ma) Donjek Glacier
suite. We will provide evidence that the Barnard
Glacier suite relates to arc (Wrangellia)–microcontinent (Alexander) collision and associated
breakoff of subducted oceanic lithosphere,
whereas the Donjek Glacier suite relates to a
subsequent episode of arc magmatism and collisional tectonism. The data contribute to a new,
testable plate-tectonic model for late Paleozoic
terrane assembly and the importance of the
Alexander-Wrangellia-Peninsular composite terrane to global paleogeography.
GEOLOGICAL BACKGROUND
Alexander Terrane
The Alexander terrane (AX in Fig. 1A) is itself
a composite terrane that has been subdivided into
the Craig and Admiralty subterranes based on
apparent differences in their pre-Permian geological histories and stratigraphic assemblages
(Berg et al., 1978; Gehrels and Saleeby, 1987;
Monger and Berg, 1987). The Craig subterrane
(Fig. 1A) constitutes 90% of the Alexander
terrane (~90,000 km2) and underlies the Saint
Elias Mountains of eastern Alaska, southwestern Yukon, and northwestern British Columbia,
the Pacific coast region of southeastern Alaska,
and parts of the Coast Mountains of west-central British Columbia. In the Prince of Wales
Island region of southeastern Alaska, the Craig
subterrane consists primarily of Ediacaran and
Ordovician to Silurian arc-type magmatic rocks,
Silurian carbonate rocks of the Heceta Formation, and Silurian to Devonian terrestrial and
marine strata of the Karheen Formation (Fig. 2;
Gehrels and Saleeby, 1987). In northwestern

Canada, the Craig subterrane mostly consists of
volcanic, carbonate, and siliciclastic strata of the
informally named Donjek, Goatherd Mountain,
and Icefield assemblages (Fig. 2; Dodds and
Campbell, 1992; Beranek et al., 2012). Early
Paleozoic rock units of the Craig subterrane
together formed part of an arc-backarc system
in proximity to the Scandinavian and Russian
High Arctic regions of the paleocontinent Baltica (Colpron and Nelson, 2009, 2011; Beranek
et al., 2012, 2013a). Silurian to Devonian strata
of the Karheen Formation and Icefield assemblage comprise now-displaced equivalents of
the Old Red Sandstone that covered much of the
North Atlantic region after the Scandian-Salinic
phase of Appalachian-Caledonian mountain
building and assembly of the supercontinent
Laurussia (Bazard et al., 1995; Soja and Krutikov, 2008; Beranek et al., 2013b).
Rift-related gabbro complexes and associated mafic dikes in southwestern Yukon and the
prevalence of carbonate and marine siliciclastic
rocks of the Wadleigh Limestone and Peratrovich and Klawak Formations in southeastern
Alaska (Fig. 2) indicate that the Craig subterrane evolved in a passive-margin environment
from Late Devonian to early Pennsylvanian
time (Gehrels et al., 1996; Nelson et al., 2013;
Israel et al., 2014). The change from an upperplate setting to a passive-margin setting following the Scandian orogeny is an important
constraint concerning tectonic relationships
between the Alexander terrane and Wrangellia
during this period (see Wrangellia discussion
in next section). By the middle Pennsylvanian,
syenite complexes of the Barnard Glacier pluton intruded basement assemblages of both
the Alexander terrane and Wrangellia in the
Wrangell Mountains of eastern Alaska (Gardner
et al., 1988). Similar-looking intrusive rocks
in southwestern Yukon yield decreasing K-Ar
ages from southwest to northeast, from ca. 295–
280 Ma near the Wrangellia-Alexander terrane
boundary to ca. 273 Ma near the Duke River
fault (Fig. 1B; Dodds and Campbell, 1988).
Halleck Formation volcanic rocks and intrusive
suites of the Prince of Wales Island and Sukkwan Island areas record late Paleozoic magmatism in southeastern Alaska (Fig. 2; Eberlein
et al., 1983; Gehrels and Berg, 1992).
Ediacaran arc-type and metasedimentary
rocks of the Retreat Group form the exposed
basement of the Admiralty subterrane in the
Admiralty Island region of southeastern Alaska
(Figs. 1A and 2; Karl et al., 2006, 2010). Ordovician to Devonian siliciclastic rocks of the
Hood Bay Formation unconformably overlie the
Retreat Group and are themselves unconformably overlain by Devonian to Permian chert,
shale, sandstone, and mafic lavas of the Cannery
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Formation (Fig. 2). A regional unconformity
near the top of the Cannery Formation and
occurrences of ductilely deformed, greenschistfacies rocks that yield metamorphic Ar-Ar mica
ages of 260–273 Ma are evidence for Permian
tectonism within the Admiralty subterrane
(Jones et al., 1981; Karl et al., 2010). Karl et al.
(2010) interpreted the Permian tectonic activity
to indicate a collisional event, with the Admiralty subterrane occupying the collisional lower
plate and being partially subducted beneath the
Craig subterrane. In this scenario, Early Permian magmatic rocks of the Craig subterrane in
the Prince of Wales Island and Sukkwan Island
areas were produced by the consumption of
an ocean basin prior to this collisional event.
Regionally extensive carbonate rocks of the
Pybus Formation form part of a postcollisional
sedimentary assemblage that overstepped both
the Admiralty (Cannery Formation and older
rocks) and Craig (Halleck Formation and older
rocks) subterranes during the late Early to early
Late Permian (Fig. 2; Karl et al., 2010). The
geological relationship between the Pybus Formation and underlying rocks requires that the
present-day configuration of the Alexander ter-
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rane only existed after the Permian juxtaposition
of the Craig and Admiralty subterranes. Triassic
rift successions and volcanogenic massive sulfide (VMS) deposits crop out along the length
of the Alexander terrane and are also deposited
upon the basement domains of both the Craig
and Admiralty subterranes (Mihalynuk et al.,
1993; Karl et al., 2010; Nelson et al., 2013).
Wrangellia
Wrangellia (WR in Fig. 1A) extends
>2500 km from south-central Alaska and Yukon
(northern Wrangellia) to at least Vancouver
Island (VI in Fig. 1A) near the U.S.–Canadian
border (southern Wrangellia). Jones et al. (1977)
first defined Wrangellia by its characteristic Triassic stratigraphy, including flood basalts, but
also recognized Paleozoic rocks beneath the
Mesozoic successions. Colpron and Nelson
(2009) and Nelson et al. (2013) most recently
summarized the Paleozoic tectonics and paleogeography of Wrangellia.
The Paleozoic basement of southern Wrangellia consists of Late Devonian mafic to felsic
magmatic rocks assigned to the Sicker Group

(Fig. 2; Yorath et al., 1999; Sluggett, 2003;
Ruks et al., 2009, 2010a). The oldest rocks of
the Sicker Group yield normal mid-ocean-ridge
basalt (N-MORB) geochemical signatures,
whereas overlying successions indicate a gradual transition from tholeiitic to calc-alkaline
magmatism, typical of an evolving arc system
built on oceanic basement (Massey, 1995; Ruks
et al., 2009, 2010b). VMS-style mineralization
characteristic of extensional arc activity was
ongoing at 371 Ma and from 365 to 359 Ma
(Ruks et al., 2010a). Carboniferous to Permian
volcanic and shallow-marine strata of the Buttle
Lake Group (Fig. 2) unconformably overlie the
Sicker Group, and preliminary zircon U-Pb dating studies indicate that cycles of felsic magmatism occurred ca. 340 Ma, 310 Ma, and 295 Ma
(Ruks et al., 2010a).
The Paleozoic basement of northern Wrangellia consists of Late Devonian igneous rocks
that were generated in a convergent margin
system adjacent to the Craig subterrane. For
example, Israel et al. (2014) used CA-ID-TIMS
zircon U-Pb geochronology and whole-rock
lithogeochemistry to demonstrate that Late
Devonian (363.47 ± 0.92 Ma) basement gabbros
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of northern Wrangellia have a shared origin with
Late Devonian (363.53 ± 0.12 Ma) gabbros of
the adjacent Craig subterrane in southwestern
Yukon (Fig. 2). Israel et al. (2014) argued for
the non-arc-like compositions of the Late Devonian gabbros to represent the initiation of rifting
within an arc located at the margin of the Craig
subterrane, thus identifying the oldest known
geological tie between Wrangellia and the Alexander terrane. The Late Devonian continental
arc extended south (present coordinates) into
an oceanic realm, beyond the limits of the Craig
subterrane, and generated the Sicker arc system
of southern Wrangellia (Nelson et al., 2013;
Israel et al., 2014).
The late Paleozoic stratigraphy of northern Wrangellia consists of variably deformed
and metamorphosed units of the Skolai Group,
which include Mississippian to Pennsylvanian
volcanic and volcaniclastic rocks of the Station
Creek Formation and overlying Lower Permian
shallow-marine strata of the Hasen Creek Formation (Fig. 2; Smith and MacKevett, 1970;
MacKevett, 1971; Read and Monger, 1976).
The exposed base of the Station Creek Formation in Yukon consists of early Mississippian
crystal-rich tuffs dated at 352.84 ± 0.30 Ma
(zircon CA-TIMS), chert, and mafic lavas with
N-MORB to backarc basin basalt geochemical
signatures (Israel et al., 2014). The Station Creek
Formation at higher stratigraphic levels contains abundant mafic to intermediate lavas with
arc-type geochemical signatures (e.g., Greene
et al., 2009) that are referred to as the Skolai arc.
Arc-type rocks of the Station Creek Formation
are poorly dated, but the main phase of tholeiitic
magmatism was ongoing by the early Pennsylvanian (320 Ma) and a separate calc-alkaline to
high-K phase intruded the volcanic carapace by
the middle Pennsylvanian (310 Ma; Beard and
Barker, 1989; Plafker et al., 1989). The top of
the Skolai arc assemblage is generally mapped
as the gradual transition from the volcanic-dominated stratigraphy of the Station Creek Formation to the sediment-dominated stratigraphy
of the Hasen Creek Formation. More complex
contact relationships are locally observed along
the Duke River fault in Yukon, where Lower
Permian conglomerates of the Hasen Creek Formation unconformably overlie the Late Devonian basement gabbros of northern Wrangellia
(Sharp, 1943; Israel et al., 2014).
The geology of the Sicker, Buttle Lake, and
Skolai groups is most consistent with Wrangellia comprising part of a Paleozoic arc-backarc
system that evolved in proximity to the Alexander terrane (see details in Nelson et al., 2013;
Israel et al., 2014). In this model, Late Devonian
magmatic rocks that yield N-MORB to arc-type
geochemical signatures and host VMS-style

deposits are indicative of a rifted arc setting,
with the Taupo-Tonga-Kermadec arc system of
the southwest Pacific Ocean as a modern analogue (e.g., Mortimer et al., 2010). N-MORB
to backarc basin–type basalts and chert of the
lower Station Creek Formation suggest that Late
Devonian–early Mississippian extension led to
the opening of a Sea of Japan–like ocean basin
between the Wrangellia arc and Craig subterrane passive margin. Collapse of the backarc
ocean basin occurred after a reversal in subduction polarity and latest Mississippian to early
Pennsylvanian arc activity recorded by the Station Creek Formation and its intrusive equivalents in northern Wrangellia (Israel et al., 2014).
Attempted subduction of the buoyant Craig subterrane passive margin beneath the late Paleozoic Skolai arc clogged the subduction zone and
resulted in arc-continent collision. Middle Pennsylvanian arc-root rocks in south-central Alaska
yield high-K geochemical signatures that Beard
and Barker (1989) considered as evidence for
changing tectonic regimes in the Skolai arc
prior to the termination of subduction and arc
collision, analogous to the Cenozoic tectonics of
Papua New Guinea (Richards et al., 1990) or the
Banda arc (Stolz et al., 1990).
Peninsular Terrane
The Peninsular terrane underlies the Alaskan
Peninsula and south-central Alaska (PE in Fig.
1A) and is mostly characterized by Triassic–
Jurassic magmatic rocks of the Talkeetna arc
(e.g., Rioux et al., 2007) and Jurassic–Cretaceous basinal assemblages (McClelland et al.,
1992). Windows into the Paleozoic basement
of the Peninsular terrane near Anchorage (ANC
in Fig. 1A) display variably deformed and
metamorphosed rocks with protoliths of mafic
to intermediate volcanic lavas, limestone, and
quartzose strata (Plafker et al., 1989). Near
Paule Bay on the Alaskan Peninsula (PB in
Fig. 1A), Upper Triassic strata overlie unnamed
Permian volcanic rocks, volcaniclastic sandstone, and fossiliferous limestone (Blodgett and
Stralla, 2008). Drill cuttings from rocks stratigraphically beneath these unnamed Permian
units consist of volcaniclastic conglomerate,
tuff, and limestone with echinoderm fragments
that suggest a late Paleozoic age (Blodgett and
Stralla, 2008). The overall stratigraphic makeup
of the Peninsular terrane resembles that of
Wrangellia.
Bacon et al. (2012) reported that xenoliths
within rocks from Redoubt volcano on the
Alaskan Peninsula (RV in Fig. 1A) contain
zircon crystals derived from unexposed basement. These zircons mainly yield crystallization
ages around 300–310 Ma and 1865 Ma, with

single ages or minor clusters at 414–619 Ma,
1140–1763 Ma, and 2085–2725 Ma. Based on
the occurrences of 300–310 Ma granitoids in
Alaska and northwestern Canada, Bacon et al.
(2012) concluded that Peninsular terrane basement contains late Paleozoic intrusive rocks correlative with those of the Alexander terrane and
Wrangellia.
LATE PALEOZOIC INTRUSIVE ROCKS
IN THE WRANGELL AND SAINT
ELIAS MOUNTAINS
The record of late Paleozoic plutonism in
eastern Alaska and southwestern Yukon is preserved by a >200-km-long belt of elongate to
circular, fairly high-level batholiths and smaller
intrusive bodies that crop out in the Wrangell
and Saint Elias Mountains (Fig. 1B). Pennsylvanian rocks of the Barnard Glacier pluton that cut
the deformed basement of Wrangellia and the
Alexander terrane in eastern Alaska (Gardner
et al., 1988) comprise the informal type locality
of this belt. Dodds and Campbell (1988) used
biotite and hornblende K-Ar geochronology
to infer Pennsylvanian–Permian emplacement
ages for multiple plutons in southwestern Yukon
(Fig. 1B) but could only speculate on their
genetic relationships with similar-looking late
Paleozoic rocks in eastern Alaska.
We visited 10 field sites in the Wrangell and
Saint Elias Mountains to investigate the field
geology of the late Paleozoic intrusive belt and
to collect samples of the exposed igneous rocks
for geochronological and geochemical analysis.
Our field studies focused on two main areas:
(1) syenitic intrusive complexes emplaced along
the Wrangellia-Alexander terrane boundary,
such as the Barnard Glacier and Centennial
Range plutons; and (2) dioritic to granodioritic
intrusive complexes that crop out 30–50 km to
the north-northeast of the Wrangellia-Alexander
terrane boundary, such as the Steele Glacier
pluton and Donjek Glacier batholith (see all
locations in Fig. 1B). Key observations from
field sites are described with the zircon U-Pb
age results (see “Zircon U-Pb Geochronology”
section), and a summary of Pennsylvanian to
Permian intrusive and field relationships based
on new geochronological and geochemical data
is given in the “Timing of Intrusive and Field
Relationships” section.
ZIRCON U-Pb GEOCHRONOLOGY
Analytical Procedures
Zircons from intrusive rock samples collected at six field sites in the Wrangell and Saint
Elias Mountains (see site locations and sample
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numbers in Fig. 1B) were analyzed for SIMS
and CA-ID-TIMS zircon U-Pb geochronology
(GSA Data Repository Tables DR1–DR31). The
main objectives of the geochronological studies
were to determine high-precision crystallization
ages for the sampled rocks, report the ages of
inherited grains, revise the upper-intercept age
of the Barnard Glacier pluton in the Wrangell
Mountains (Gardner et al., 1988), and review
the K-Ar biotite and hornblende cooling ages
of multiple intrusive bodies in the Saint Elias
Mountains (Dodds and Campbell, 1988). Zircon U-Pb results from this study are listed in the
following section, and the crystallization ages of
the rock samples are presented from oldest to
youngest.
Zircon crystals were separated from rock
samples, handpicked under the binocular microscope, arranged on double-sided tape, and
mounted in epoxy. After polishing to expose the
interior of the crystals, transmitted and reflected
light and cathodoluminescence (CL) imaging of
the mounts was completed to locate and characterize homogeneous regions of the zircons and
to avoid complex internal structures, cracks,
and zones of potential Pb loss.
SIMS analyses of samples 09VL21 (Centennial Range pluton) and 09VL30 (Steele Glacier
pluton) were conducted at the U.S. Geological
Survey–Stanford University Ion Probe Laboratory. The analyses were made using a sensitive
high-resolution ion microprobe–reverse geometry (SHRIMP-RG) instrument following the
standardized procedures of Barth and Wooden
(2006). U-Pb isotopic data were calibrated by
replicate analyses of the 421 Ma zircon standard R33 (Black et al., 2004; Mattinson, 2010),
and U concentrations were calibrated with the
zircon standard MAD (4196 ppm U; Barth
and Wooden, 2010). Crystallization ages were
calculated as weighted mean 207-corrected
206
Pb/238U ages using the Isoplot/Ex program
of Ludwig (2003). Reported age errors are at
the 2σ uncertainty level and incorporate the 2σ
external spot-to-spot error of the R33 standard.
SIMS analyses of samples 09VL19 (Logan
Glacier porphyry), 09VL27 (Donjek Glacier
batholith), 09VL28 (Donjek Glacier batholith), 09VL48 (Barnard Glacier pluton), and
09VLB37 (Chitina Glacier pluton) were conducted at the Geological Survey of Canada. The
1
GSA Data Repository item 2014230, Table
DR1, SIMS U-Pb age results from Stanford-USGS
SHRIMP laboratory; Table DR2, SIMS U-Pb age
results from GSC SHRIMP laboratory; Table DR3,
CA-ID-TIMS U-Pb age results; Table DR4, wholerock lithogeochemical results; Table DR5, Nd-Sr
isotope geochemical results, is available at http://
www.geosociety.org/pubs/ft2014.htm or by request
to editing@geosociety.org.
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analyses were made using a SHRIMP II instrument following the standardized procedures
of Stern (1997) and Stern and Amelin (2003).
U-Pb data were calibrated by replicate analyses
of the 416 Ma zircon standard Temora 2 (Black
et al., 2004) and a 559 Ma internal standard
(6266). Crystallization ages were calculated
as weighted mean 207-corrected 206Pb/238U
ages using the Isoplot/Ex program of Ludwig
(2003). Reported age errors are at the 2σ uncertainty level and encompass the combined statistical uncertainty of the weighted mean age
for the population, the 2σ external error on the
age of the Temora 2 standard, and the 2σ error
of the mean of the internal zircon calibration
standard.
CA-ID-TIMS analyses of sample 09VL27
(Donjek Glacier pluton) were conducted at the
Geological Survey of Canada. Zircons were
annealed and chemically abraded following
the methods of Mattinson (2005). Dissolution
in concentrated HF acid, extraction of U and
Pb, and mass spectrometry followed methods
described in Parrish et al. (1987). Data reduction and treatment of analytical errors followed
Roddick et al. (1987).
Results
Barnard Glacier Pluton
A foot traverse of the Barnard Glacier pluton confirmed its intrusive contact relationships with basement rocks of Wrangellia and
the Alexander terrane originally reported by
Gardner et al. (1988). Field evidence includes
folded calcareous units of the Craig subterrane (Icefield assemblage) transformed by
contact metamorphism into calc-silicate rocks
within its aureole (Figs. 3A and 3B), chilled
border phases in the plutonic rocks (Fig. 3C),
absence of shearing or foliation along the pluton margins, and large xenolithic blocks of the
adjacent country rocks (Station Creek Formation and Icefield assemblage) within the intrusive complex.
A sample of medium-grained syenite
(09VL48; Fig. 1B) contains equant to elongate
(aspect ratios of 1:1–4:1) prisms that range in
size from 80 to 250 μm. Some of the zircons display colorless to brown bubble- or rod-shaped
inclusions or cores in transmitted light. Zircon
crystals generally have oscillatory and sectorzoned textures in CL, with higher U cores and
inner growth zones and lower U rims and outer
growth zones. Although ~25% of the analyses
yield 1020–3049 ppm U, most zircons have
500–700 ppm U and moderate Th/U (0.3–0.6).
The total common Pb varied between 0.61%
and 41% despite careful avoidance of fractures and inclusions. The crystallization age

of 09VL48 is derived from 24 of 40 zircons
that yield a weighted mean 206Pb/238U age of
307 ± 4 Ma (mean square of weighted deviates
[MSWD] = 0.4; Figs. 4A and 4B). This age
overlaps in error with the upper-intercept age
of 309 ± 5 Ma reported for the Barnard Glacier pluton by Gardner et al. (1988). Common
Pb values >5.0% and/or apparent Pb loss led to
the exclusion of 17 analyses that yield apparent
ages of 269–286 and 330–347 Ma. Four zircons
with ages of 373–446 Ma are likely inherited
from adjacent country rocks.
Centennial Range Pluton
The informally named Centennial Range pluton of southwestern Yukon, which straddles the
Alaska-Yukon border, forms part of the same
batholithic complex as the Barnard Glacier
pluton. The batholith appears to have intruded
preferentially along the Wrangellia-Alexander
terrane boundary. A sample of coarse-grained
hornblende syenite (09VL21; Fig. 1B) contains
equant to elongate prisms that range in size
from 75 to 150 μm. Some of the zircons display
bubble- or rod-shaped inclusions in transmitted
light. Zircon crystals generally have oscillatory
and sector-zoned textures and show rounded to
irregular-shaped cores in CL. This sample contains the lowest U concentrations of the entire
sample suite (169–469 ppm). The crystallization age of 09VL21 is derived from 15 zircons
that yield a weighted mean 206Pb/ 238U age at
304 ± 2 Ma (MSWD = 1.2; Figs. 4C and 4D),
which overlaps in error with the age of the Barnard Glacier pluton of the same batholith.
Chitina Glacier Pluton
The informally named Chitina Glacier pluton
intrudes the Craig subterrane along the AlaskaYukon border, ~20 km north of the WrangelliaAlexander terrane boundary. A sample of
medium-grained biotite syenite (09VLB37;
Fig. 1B) contains equant to elongate prisms that
range in size from 75 to 300 μm. The zircons
are colorless to pale yellow and contain colorless bubble- and rod-shaped inclusions and
irregular to rounded cores in transmitted light.
Zircon crystals have oscillatory and sectorzoned textures in CL. The majority of zircons
have a U content of 150–500 ppm and moderate Th/U (0.3–1.2). The crystallization age of
09VLB37 is derived from 28 of 41 zircons that
yield a weighted mean 206Pb/238U age at 301 ±
3 Ma (MSWD = 1.0; Figs. 4E and 4F). Four
zircons that give ages of 309–314 Ma are probably inherited. The two oldest grains at 317 and
329 Ma were disregarded because of high U and
common Pb concentrations. Postcrystallization
Pb loss is inferred for seven zircons with ages
between 287 and 295 Ma.
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Figure 3. Field observations of igneous and
metasedimentary rock assemblages of the
Alexander terrane in eastern Alaska and
southwestern Yukon. (A) Calcareous rocks
of the Craig subterrane (Icefield assemblage)
intruded and contact metamorphosed by redweathering, syenitic intrusion of the Barnard
Glacier pluton, Wrangell Mountains. Field of
F2
view in the foreground is ~100 m. (B) Pennsylvanian or older folds in Icefield assemblage
rocks overprinted by contact metamorphism
of the 307 Ma Barnard Glacier pluton. Contact of the deformed rocks with massive Barnard Glacier syenite (sample 09VL48) is 2 m
uphill. Penknife for scale. (C) Chilled marF1
gin of syenitic intrusion with deformed and
contact-metamorphosed rocks of the Icefield assemblage. Hammer is located on the
S2
intrusive contact. (D) Cuspate-lobate commingling textures present in the Early PerF2
mian Donjek Glacier batholith, central Saint
Elias Mountains. This photo shows 284 Ma
F1
granodiorite (sample 09VL27) and granitic
aplites cutting 286 Ma hornblende-bearing
diorite (sample 09VL28). Hammer for scale.
(E) F2 fold in Craig subterrane rocks (GoatS2
herd Mountain assemblage) along the Alsek
River, southern Saint Elias Mountains. The
Early Permian(?) mafic sill (sample 09VL37)
cuts the metamorphosed tectonite but is
also folded by F2, and it lacks penetrative
“F1”
D2 deformation structures such as an axial
planar foliation. Cuspate-lobate structures
that developed along the contact during folding show the mafic rock to be more compeF2
tent. Hammer for scale. (F) F2-F1 mushroom
interference pattern in Goatherd Mountain
assemblage rocks shown in part E. F2 folds
are accompanied by a well-developed S2
crenulation cleavage. Penknife for scale.
(G) Contact-metamorphosed Craig subterrane metasedimentary rocks (Icefield assemblage) within the Early Permian Donjek
Glacier batholith, central Saint Elias Mountains. The metasedimentary rocks are tightly
F1
folded by F2 and accompanied by a differentiated crenulation cleavage (S2). The 284 Ma
aplites are also folded, generally forming
cuspate-lobate structures at a high angle to
S2. Locally, the apophysis in the upper-right corner contains a tight “F1” fold that is overprinted by S2. The significance of this F1 structure is
uncertain (see text for more detail). Penknife for scale. (H) Large recumbent F1 folds developed in vertical cliffs of Craig subterrane (Icefield
assemblage) strata near the contact with the Donjek Glacier batholith. Field of view is ~300 m.

Logan Glacier Porphyry
Rhyolite dikes in the Logan Glacier area of
southwestern Yukon, ~25 km northeast of the
Border Ranges fault, intrude Wrangellia near its
boundary with the Alexander terrane. A sample of
quartz rhyolite porphyry (09VL19; Fig. 1B) con-
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tains elongate prisms that range in size from 70 to
90 μm. Backscatter and CL images show that the
grains are highly fractured and display oscillatory
zoning. A single analysis from 09VL19 yielded
a 206Pb/238U age at 307 ± 3 Ma (not shown). Ionmicroprobe analyses of the sample were sub-

sequently ceased because the zircons yielded
extremely high common Pb values. The lithogeochemical traits of 09VL19 (see “Lithogeochemistry” section) closely resemble those for
Pennsylvanian magmatic rocks analyzed from
the Wrangell and Saint Elias Mountains.
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Figure 4. (A, C, E) Tera-Wasserburg plots of secondary ion mass spectrometry (SIMS) data
from samples 09VL48 (Barnard Glacier pluton), 09VL21 (Centennial Range pluton), and
09VLB37 (Chitina Glacier pluton). Data are 2σ error ellipses uncorrected for common Pb.
(B, D, F) 207-corrected 206Pb/238U weighted mean plots for samples 09VL48, 09VL21, and
09VLB37. Selected spot ages are shown by solid bars, and rejected spot ages are shown by
empty bars. See text for age interpretations. MSWD—mean square of weighted deviates.

Steele Glacier Pluton
The Steele Glacier pluton of southwestern
Yukon intrudes Craig subterrane rocks ~20 km
south of the Duke River fault. A sample of
medium-grained hornblende granodiorite
(09VL30; Fig. 1B) contains equant to elongate
zircons that range in size from 60 to 120 μm.
The zircons are generally colorless and have
bubble- to rod-shaped inclusions in transmitted light. CL images mostly display oscillatory zoning and cores with convolute zoning or
irregular boundaries. Nearly 90% of the zircons
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have U concentrations >1000 ppm (up to 4536
ppm). Th/U ratios of the zircons are moderate
(0.2–0.5). The crystallization age of 09VL30
is derived from 11 of 15 analyses that yield a
weighted mean 206Pb/238U age at 291 ± 3 Ma
(MSWD = 2.4; Figs. 5A and 5B).
Donjek Glacier Batholith
The Donjek Glacier batholith intrudes the
Craig subterrane in the central Saint Elias
Mountains of southwestern Yukon (Fig. 1B) and
consists of several plutons of hornblende diorite

to granodiorite. Generally, felsic dikes cut the
more mafic plutonic phases and appear to be a
relatively late phase of the batholith. Nevertheless, mafic enclaves within the felsic bodies are
net-veined, and both display commingling textures, attesting that the felsic and mafic magmas
were coexisting (Fig. 3D).
A sample of medium-grained hornblende
diorite (09VL28; Fig. 1B) contains equant
to elongate prisms that range in size from 70 to
200 μm. The crystals are colorless to brownish pink and have a range of inclusions and
fractures. Backscatter electron images reveal
both homogeneous inclusion- and fracture-free
grains and very heavily fractured grains. CL
images display internal textures that include
oscillatory to irregular zoning and cores with
convolute zoning or irregular boundaries.
The zircons have a broad range of U contents
(43–3255 ppm) and moderate Th/U (0.2–0.8).
The crystallization age of 09VL28 is derived
from 34 of 54 analyses that yield a weighted
mean 206Pb/238U age at 286 ± 2 Ma (MSWD =
1.3; Figs. 5C and 5D). Suspected postcrystallization Pb loss and common Pb values >2%
led to the exclusion of 13 zircons with ages of
269–280 Ma. Seven analyses between 289 and
301 Ma were also discarded because of high
common Pb or U concentrations >2000 ppm.
A sample of fine-grained granodiorite
(09VL27; Fig. 1B) contains stubby to elongate
zircons that range in size from 100 to 250 μm.
The zircons are colorless to pale pink and have
abundant inclusions in transmitted light. Magmatic zoning is generally obscured in CL by
the high U contents of some zircons (35% of
grains have >2000 ppm U). Th/U ratios of the
zircons are moderate (0.2–0.8). The crystallization age of 09VL27 was first determined by 20
zircon analyses that derived a weighted mean
206
Pb/238U age of 286 ± 3 Ma (MSWD = 1.3;
Figs. 5E and 5F). Because the ion-microprobe
method can be affected by matrix effects related
to high U zircon (Williams and Hergt, 2000),
and sample 09VL27 showed a distinct correlation between U content and age, three singlegrain fractions of 09VL27 were analyzed by
CA-ID-TIMS. Each of the three analyses were
statistically identical and yielded 206Pb/238U
ages of 284.4 ± 0.9 Ma (plot not shown), which
are interpreted as the crystallization age of the
sample. The granodiorite overlaps in error with
the age of the diorite (09VL28), confirming the
mafic and felsic phases were coeval, consistent
with the commingling textures.
Summary
Samples of the present study are herein subdivided into two intrusive suites on the basis
of their zircon U-Pb crystallization ages, rock

Geological Society of America Bulletin, November/December 2014

Late Paleozoic assembly of the Alexander-Wrangellia-Peninsular composite terrane
0.070

315

A

09VL30
Steele Glacier pluton
Hornblende granodiorite

305

B

09VL30

Analytical Methods

207

Pb/

206

Age (Ma)

Pb

0.062
295

285

0.054
320

310

300

290

280

265

0.046
19.5

20.5

21.5
238

22.5

23.5

U/206 Pb

0.09

315

C

09VL28

Donjek Glacier batholith
Hornblende diorite

305

Age (Ma)

207

D

09VL28

295
0.07

Pb/

206

Pb

0.08

SIMS (n = 11/15)
291 ± 3 Ma
MSWD = 2.4

275

270

285

0.06

310

0.04
19.5

300

290

280

270

260

21.5

22.5

238

23.5

24.5

U/206 Pb

0.14

360

E

09VL27
Donjek Glacier batholith

0.12 Granodiorite

340

Pb/

206

Pb

Age (Ma)

0.10

207

SIMS (n = 34/54)
286 ± 2 Ma
MSWD = 1.3

265
255

20.5

0.08

320

F
CA-ID-TIMS (3 fract.)
284.4 ± 0.9 Ma
MSWD = 1.3

09VL27

SIMS (n = 20/40)
286 ± 3 Ma
MSWD = 1.3

300
0.06
380

360

340

0.04
0.02
16

320

300

280

280

260
18

20
238

22

24

U/206 Pb
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types, and geographic positions. The Barnard
Glacier suite is defined as a 301–307 Ma assemblage of mainly syenitic rocks that crop out
within, or immediately adjacent to, the Wrangellia-Alexander terrane boundary (Fig. 1B).
The type area for the Barnard Glacier suite is
the Barnard Glacier pluton. The Donjek Glacier
suite is a 284–291 Ma assemblage of mainly
dioritic to granodioritic rocks that crop out

Whole-rock major- and trace-element concentrations of intrusive rocks of the Barnard
and Donjek Glacier suites were determined by
inductively coupled plasma–mass spectrometry (ICP-MS) at Activation Laboratories in
Ancaster, Ontario (GSA Data Repository Table
DR4 [see footnote 1]). Because some major
(Na, K, Ca) and low field strength (Cs, Ba, U)
elements are mobile under metamorphic conditions that have affected the study area, our geochemical discriminations are based mainly on
high field strength elements (HFSEs: Hf, Nb,
Ta, Ti, Sc, Y, Zr), rare earth elements (REEs),
and Th, which are relatively immobile (e.g.,
Pearce and Cann, 1973; Jenner, 1996).
Results

275
0.05

LITHOGEOCHEMISTRY

30–50 km to the north-northeast of the Wrangellia-Alexander boundary (Fig. 1B). The type
area of the Donjek Glacier suite is the Donjek
Glacier batholith. We recommend that the term
“Icefield Ranges plutonic suite” (Dodds and
Campbell, 1988) be abandoned, since it refers
to an undivided assemblage of late Paleozoic
(270–290 Ma) intrusive rocks defined by K-Ar
mineral ages.

Barnard Glacier Suite Mafic Rocks
A basaltic dike within the Chitina Glacier
pluton (09VLB35) is used herein to geochemically represent Pennsylvanian mafic rocks of the
Barnard Glacier suite. Two undated mafic dikes
that intrude deformed Paleozoic strata of the
Craig subterrane along the banks of the Alsek
River (09VL38, 09VL39), ~30 km north of the
Yukon–British Columbia border, are geochemically similar and tentatively included in the suite.
The mafic rocks are classified as subalkalic
basalts on the basis of their Zr/TiO2 and Nb/Y
ratios (Fig. 6) and SiO2 values of 48–50 wt%
(Fig. 7; all major elements calculated volatilefree). Their major-element compositions are
generally similar to those of late Paleozoic mafic
rocks of Wrangellia in eastern Alaska and the
Craig subterrane in the Prince of Wales Island
region of southeastern Alaska (Fig. 7).
Barnard Glacier suite basalts have negativesloping primitive mantle (PM)–normalized
multi-element patterns (Fig. 8A) with moderate light REE enrichment (La/SmPM = 1.1–2.9,
where PM is normalized to primitive mantle
of Sun and McDonough, 1989), weakly negative Nb anomalies, and relatively flat heavy
REE (Sm/YbPM = 1.6–2.6) patterns. The traceelement compositions of these samples are consistent with modern arc basalts (calc-alkaline
basalt, island-arc tholeiite) and typical of magmas derived from mantle sources with a subduction-related component (Figs. 8A, 9A, and 9B;
Pearce and Peate, 1995).
Barnard Glacier Suite Felsic Rocks
To characterize felsic rocks of the Barnard
Glacier suite, dated samples of the Barnard Glacier pluton (09VL48), Centennial Range pluton
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(09VL21), Chitina Glacier pluton (09VLB37),
and Logan Glacier porphyry (09VL19) were
analyzed. The rocks are characterized by intermediate silica contents (SiO2 = 62–64 wt%),
high K contents (K2O = 4.2–6.8 wt%), and
major-element concentrations that are consistent with published geochemical data from late
Paleozoic granitoids of the Craig subterrane in
southeastern Alaska (Fig. 7). The Logan Glacier
porphyry sample is geochemically similar to
most high-silica (SiO2 > 70 wt% rocks of Wrangellia in eastern Alaska (Fig. 7).
Barnard Glacier suite felsic rocks have
negative-sloping primitive mantle–normalized
multi-element patterns with enriched light REE
(La/SmPM = 4.2–8.3) signatures, moderately to
strongly negative Nb and Ti anomalies, and relatively flat to moderately steep heavy REE trends
(Sm/YbPM = 1.8–3.0) (Fig. 8B). The felsic rocks
yield metaluminous to peraluminous geochemical compositions and contain Nb/Y values that
overlap with the within-plate (A-type), syncollisional, and arc-related granitoid fields (Figs.
10A and 10B) of Pearce et al. (1984).
Donjek Glacier Suite Mafic Rocks
Geochemical characteristics of the Donjek
Glacier suite are based on those of the dated
sample of Donjek Glacier batholith diorite
(09VL28). Three undated dikes that intrude
deformed Paleozoic strata of the Craig subterrane in the Alsek River area of southwestern
Yukon (09VL05, 09VL16, and 09VLB37)
are geochemically similar and are tentatively
included in the suite. These rocks are categorized as subalkalic to alkalic (Nb/Y = 0.3–1.7)
basalts for which major-element compositions
are broadly similar to those of the Barnard Glacier suite and other late Paleozoic mafic rocks
of the Alexander terrane and Wrangellia (Figs.
6 and 7).
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Donjek Glacier suite mafic rocks consistently show positive Nb anomalies in primitive mantle–normalized multi-element diagrams (Fig. 8C) and exhibit greater light
REE (La/SmPM = 1.3–3.5) and heavy REE
(Sm/YbPM = 1.8–4.7) profiles than mafic rocks
of the Barnard Glacier suite. The trace-element
signatures of Donjek Glacier mafic rocks are
consistent with melts derived from incompatible element–enriched mantle sources that
generate so-called enriched mid-ocean-ridge
basalt (E-MORB) and ocean-island basalt
(OIB) within continental margin and arc rifts
and continental flood basalt provinces (Figs.
8C, 9A, and 9B; Sun and McDonough, 1989;
Piercey et al., 2004, 2006).
Donjek Glacier Suite Felsic Rocks
Felsic rocks of the Donjek Glacier suite
include the dated granodiorite sample from the
Donjek Glacier batholith (09VL27) and both
dated (09VL30) and undated (09VL31) samples
of the Steele Glacier pluton (Fig. 1B). These
felsic rocks have higher silica contents (SiO2 =
73–76 wt%) than those of the Barnard Glacier
suite and display major-element compositions
that are similar to those of late Paleozoic granitoids of Wrangellia, including the Logan Glacier porphyry (Fig. 7).
Donjek Glacier suite felsic rocks have
negative-sloping primitive mantle–normalized multi-element patterns with enriched
light REE (La/SmPM = 6.3–9.8), moderately to
strongly negative Nb and Ti anomalies, and flat
to moderately steep heavy REE (Sm/YbPM =
1.5–4.4) trends (Fig. 8D). All of the felsic rock
samples yield peraluminous major-element
compositions and have Nb/Y contents similar
to syncollisional and arc-related granitoids
(Figs. 10A and 10B) as defined by Pearce
et al. (1984).

The Nd and Sr isotopic compositions of Barnard Glacier and Donjek Glacier suite rocks
were measured by ID-TIMS in the Isotope
Geochemistry and Geochronology Research
Centre at Carleton University, Ottawa, Ontario.
Complete analytical results are reported in
GSA Data Repository Table DR5 (see footnote 1) and shown graphically in Figures 11A
and 11B. Nd isotopic data are presented relative to an in-house standard equivalent to the
143
Nd/144Nd = 0.511849 ± 0.000011 (2σ) value
for the La Jolla standard. Initial 143Nd/144Nd
values are shown in Figure 11A as εNd(t) , which
represents the isotopic composition at the time
of crystallization relative to the chondritic uniform reservoir. Nd model ages were approximated to the time of crystallization using
present-day values of 147Sm/144Nd = 0.214 and
143
Nd/144Nd = 0.5113115. Sr isotopic data are
presented relative to a 87Sr/ 86Sr = 0.710235 ±
14 (2σ) value for National Institute of Standards and Technology Standard Reference
Material (NIST SRM) 987 and a 87Sr/ 86Sr =
0.708007 ± 11 (2σ) value for the Eimer and
Amend (E&A) standard.
Results
Barnard Glacier Suite
Mafic rocks of the Barnard Glacier suite
with arc-type signatures (09VLB35, 09VL38,
09VL39) yield εNd(t) values of +3.3 to +6.8 (Fig.
11A) and Nd model ages of 535–837 Ma. Felsic rocks of the Barnard Glacier suite (09VL19,
09VL21, 09VL48) with both arc-type to
within-plate geochemical characteristics have
comparably lower εNd(t) values of –0.5 to +2.4
(Fig. 11A) and older Nd model ages of 788–
998 Ma. The initial Sr isotopic compositions of
the Barnard Glacier pluton (87Sr/ 86Sr[i] = 0.704)
and Centennial Range pluton (87Sr/ 86Sr(i) =
0.705) are similar. The available Nd-Sr isotopic
data from the Barnard Glacier suite generally
overlap with published values for 380–560 Ma
igneous rock units of the Alexander terrane
(Fig. 11B).
Donjek Glacier Suite
Mafic rocks of the Donjek Glacier suite with
non-arc-like signatures (09VL05, 09VL16,
09VL28, 09VLB37) yield εNd(t) values of
+4.4 to +6.1 (Fig. 11A) and Nd model ages of
518–767 Ma. Felsic rocks of the Donjek Glacier suite (09VL27, 09VL31) with arc-type
to syncollisional geochemical characteristics
have slightly lower εNd(t) values at +2.1 and
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+3.7 (Fig. 11A) and Nd model ages of 658–
742 Ma. The initial Sr isotopic composition of
the Donjek Glacier batholith diorite (87Sr/ 86Sr[i]
= 0.703) is comparable to data from the Donjek Glacier batholith granodiorite (87Sr/ 86Sr[i]
= 0.704) and Steele Glacier pluton (87Sr/ 86Sr[i]
= 0.702). The available Nd-Sr isotopic data
from the Donjek Glacier suite generally overlap with published values for 380–560 Ma
igneous rock units of the Alexander terrane
(Fig. 11B).

TIMING OF FIELD AND INTRUSIVE
RELATIONSHIPS
Results
Pennsylvanian
New field observations of the Barnard Glacier
suite plutons support their intrusive contact relationships with the Paleozoic basement domains
of northern Wrangellia, the Craig subterrane, or
both terranes in eastern Alaska and southwest-

ern Yukon. As shown by this study and Gardner
et al. (1988), Pennsylvanian (307 Ma) syenite
demonstrably cuts deformed and contact-metamorphosed rocks of the Station Creek Formation and Icefield assemblage at the Barnard
Glacier pluton (Figs. 3A–3C). These field relationships therefore require northern Wrangellia
and Craig subterrane to be stitched together by
307 Ma and the presence of Pennsylvanian or
older regional deformation.
Permian
Along the banks of the Alsek River in southwestern Yukon, we observed an undated mafic
sill (09VL37 sample site) that is lithologically
and geochemically similar to the Donjek Glacier batholith diorite (286 Ma) intruding tightly
F1-F2 folded and metamorphosed (greenschistfacies) strata of the Craig subterrane (Fig. 3E).
F2 folds are upright or steeply inclined, shallowly plunging structures and locally refold
recumbent to inclined F1 folds into mushroomtype interference patterns (Fig. 3F). The mafic
intrusive rock cuts compositional layering and
S1, but is itself also folded, albeit to a lesser
extent, by F2. The structural relationships imply
that the intrusion was syntectonic with F2,
which argues for F2-related deformation to be
Early Permian on the basis of the 286 Ma age
for the Donjek Glacier batholith diorite.
Complex structural-age relationships are displayed by the 284 Ma granodiorite (09VL27
sample site) and associated aplites of the Donjek
Glacier batholith in its contact aureole with Craig
subterrane rocks. Felsic dikes at this locality cut
both limbs of tight, upright F2 folds of a strong
S1 foliation and are themselves folded into
cuspate-lobate structures and boudinaged by the
same D2 deformation. These relationships suggest that the Early Permian intrusion was syntectonic with D2. However, locally one of the
granodiorite apophyses contains a fold structure
that predates F2 because it is overprinted by a
well-developed S2 crenulation cleavage. We call
this structure “F1” (Fig. 3G), but we are uncertain of its regional significance and correlation
with recumbent F1 folds that were observed in
nearby vertical cliffs (Fig. 3H). The “F1” fold
could be a product of an originally complexly
shaped apophysis that was folded early during
a progressive D2 deformation and subsequently
overprinted by later increments, after the strain
axes had rotated with respect to the deformed
apophysis. The similarities of the F1-F2 structures in country rocks of the area (Devonian and
older Icefield and Goatherd Mountain assemblages) suggest that these units were subjected
to the same deformational and metamorphic
events. D1 thus took place between the Devonian and Early Permian and could be related
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Pennsylvanian rocks of the Barnard Glacier
suite were generated from the mixing of at least
two source components: (1) an arc-type component from an isotopically primitive (εNd[t] > +3)
mantle source region; and (2) an intermediate
to felsic crustal component that is isotopically
more evolved (εNd[t] < +2; 87Sr/86Sr[i] > 0.705).
Both mafic and felsic rocks display negative Nb anomalies (low Nb/Th) and light REE
enrichment patterns (Figs. 8A and 8B) that are
diagnostic of magmas with a mantle-derived
subduction component and/or contamination
from preexisting crustal material (Arculus and
Powell, 1986; Hawkesworth et al., 1993; Pearce
and Peate, 1995). In a Th/Yb–Nb/Yb diagram,

Figure 9. Tectonic discrimination diagrams for mafic rocks
of the Barnard Glacier and
Donjek Glacier suites. (A) ThNb-Hf diagram of Wood (1980).
(B) Th/Yb-Nb/Yb diagram
after Pearce and Peate (1995).
Values of ocean-island basalt
(OIB), enriched mid-oceanridge basalt (E-MORB), and
normal mid-ocean-ridge basalt
(N-MORB) reservoirs are from
Sun and McDonough (1989).
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these relationships are shown by the mafic rocks
plotting above the non-arc mantle array defined
by N-MORB, E-MORB, and OIB compositions
(Fig. 9B). Whereas the Nd isotope and trace-element signatures of the mafic rocks are consistent
with a variably enriched mantle source, several
lines of evidence support the felsic rocks to
have a petrogenetic history that includes crustal
contamination and/or crustal melting. Felsic
plutonic rocks of the Barnard Glacier suite contain Pennsylvanian zircons with extremely high
amounts of U and common Pb, early Paleozoic
xenocrystic zircons, and major- and trace-element compositions that compare favorably with
syncollisional to within-plate magmatic rocks as
defined by Pearce et al. (1984). Such characteristics are consistent with contamination by, or
partial melting of, arc basement and cover rocks

of the Alexander terrane. For example, the Barnard Glacier pluton contains 373–446 Ma zircons that imply assimilation or partial melting
of Icefield assemblage rocks in the Saint Elias
Mountains, as defined by Beranek et al. (2013b).
Early Permian rocks of the Donjek Glacier
suite were generated from the mixing of at least
two source components: (1) a non-arc-like component from an isotopically primitive (εNd[t] >
+4; 87Sr/86Sr[i] = 0.703) mantle source region;
and (2) an arc-type, intermediate crustal component that is isotopically more evolved (εNd[t]
< +4; 87Sr/86Sr[i] > 0.704). Mafic rocks display
positive Nb anomalies (high Nb/Th) and light
REE and HFSE enrichment patterns (Fig. 7C)
that are hallmarks of non-arc-related lavas such
as E-MORB and OIB (Sun and McDonough,
1989). Although the origins of enriched res-

ervoirs in the upper mantle are controversial
(Fitton, 2007), enriched mantle lithosphere and
enriched asthenospheric mantle are the most
likely source regions for E-MORB– and OIBlike signatures in the Donjek Glacier suite.
Mantle lithosphere can be enriched by a variety
of processes (Allègre et al., 1982; Hawkesworth
et al., 1984, 1990; Rogers and Hawkesworth,
1989; Stein and Hofmann, 1992; Piercey et al.,
2006), including fertilization by plume material that is derived from the lower mantle or the
release of H2O- and alkali-rich fluids from a
subducting slab in the upper mantle. Geochemical contributions from enriched asthenosphere
most often occur as upwelling mantle is injected
beneath arc systems that are undergoing extension and rifting (van Staal et al., 1991; Shinjo
et al., 2000). Felsic rocks imply petrogenetic
histories that include crustal contamination
and/or crustal melting. As shown by the analytical results from the Donjek Glacier batholith and
Steele Glacier pluton samples, some felsic rocks
yield Early Permian zircons with high U concentrations and have trace-element signatures that
resemble volcanic arc and syncollisional granitoids, as defined by Pearce et al. (1984). Early
Permian felsic rocks therefore have geochemical traits that are consistent with assimilation or
crustal melting of arc basement and cover rock
assemblages of the Alexander terrane.
Late Paleozoic Assembly of the AlexanderWrangellia-Peninsular Composite Terrane
Pennsylvanian
The crystallization ages, geochemical traits,
and field structural relationships of the Pennsylvanian Barnard Glacier suite and Permian
Donjek Glacier suite contribute valuable new
information on the tectonic processes that
affected the Alexander terrane, and by extension, the assembly of the Alexander-WrangelliaPeninsular composite terrane (Figs. 12A–12F).
In our preferred tectonic model, a relatively
narrow ocean basin separated the Wrangellia
arc and the Craig subterrane passive margin in
Mississippian–Pennsylvanian time (Fig. 12A;
Israel et al., 2014). The ocean basin was probably a Sea of Japan–like backarc ocean basin,
based on the Late Devonian arc-setting linkages
between Wrangellia and the Craig subterrane
(Nelson et al., 2013; Israel et al., 2014). Because
of similar late Paleozoic strata preserved locally,
we infer that the Peninsular terrane was at least
partially built on Wrangellia basement (Fig.
12A). The subduction of oceanic lithosphere
beneath northern Wrangellia consumed the
intervening backarc ocean basin and generated
arc-type lavas of the Station Creek Formation
and its intrusive equivalents in eastern Alaska
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and southwestern Yukon. The precise timing
of subduction is uncertain, but zircon U-Pb age
data indicate that calc-alkaline arc activity in
Wrangellia was ongoing by 320 Ma (Beard and
Barker, 1989; Plafker et al., 1989; Ruks et al.,
2010a). Based on the origin of the Barnard
Glacier suite (see following discussion) and
the known geology of late Paleozoic rocks of
northern Wrangellia (Beard and Barker, 1989;
Israel et al., 2014), we propose that early Pennsylvanian entry of the Craig subterrane passive
margin into the trench impeded arc magmatism,
clogged the subduction zone, and resulted in
arc-collision–related deformation and assembly
of the Craig subterrane, Wrangellia, and Peninsular lithospheric blocks.
The timing, field relationships, and magma
source components of middle to late Pennsylvanian magmatism favor a slab breakoff origin
for the Barnard Glacier suite. Davies and von
Blanckenburg (1995) and von Blanckenburg
and Davies (1995) defined slab breakoff as
the buoyancy-driven detachment of subducted
oceanic lithosphere from continental lithosphere
during continent-continent or arc-continent collision. Detachment of a downgoing slab leads
to the upwelling of hot asthenosphere against
the base of the mechanical lithosphere, which
promotes the partial melting of enriched metasomatic layers and the generation of alkaline

1544

0.711

0.715

Sr / 86 Sr (initial)

to calc-alkaline mafic magmas (von Blanckenburg and Davies, 1995). In this model, the mafic
magmas rise into the crust and can eventually
lead to crustal melting. An important prediction
of the slab breakoff model is a relatively narrow, linear zone of postcollisional magmatism
that can occur in both the former downgoing
and overriding plates. This prediction explains
several important characteristics of the Barnard
Glacier suite: (1) the narrow zone of Pennsylvanian intrusive rocks within and adjacent to the
Wrangellia-Alexander boundary (Figs. 12B and
12E), which cannot be explained by Cenozoic
strike-slip faulting in the Saint Elias Mountains;
(2) the relatively short time span of magmatism
that occurred ~10 m.y. after arc collision (Fig.
12F); and (3) the fact that Pennsylvanian magmatism occurred in the Craig subterrane, the
downgoing plate in the arc collision, and therefore cannot be directly associated with subduction-related activity. These characteristics preclude the Barnard Glacier suite to result from
lithospheric delamination or convective removal
of a thickened thermal boundary layer, since
those mechanisms are expected to produce voluminous magmatism over a broad geographic
area. Using the Alpine slab breakoff model of
von Blanckenburg and Davies (1995), we infer
that the origins of the Barnard Glacier suite are
broadly analogous to those of the Adamello and

Bergell intrusions adjacent to Periadriatic Lineament in Italy, Switzerland, and Austria.
The numerical models of van de Zedde and
Wortel (2001) and van Hunen and Allen (2011)
suggest that young and weak oceanic slabs
breakoff significantly faster than old and strong
slabs after the onset of collision. The age differences between the proposed early Pennsylvanian collision and middle to late Pennsylvanian Barnard Glacier suite magmatism support
the breakoff of a young and weak oceanic slab,
such as that associated with a narrow backarc
ocean basin (cf. Whalen et al., 2006). According
to the modeling results of van Hunen and Allen
(2011), the proposed breakoff of a weak slab
at shallow depths (35–100 km) also could provide an explanation for the absence of exhumed
high-pressure metamorphic rocks in eastern
Alaska and southwestern Yukon, which are predicted by most slab breakoff models.
Permian
A comprehensive tectonic model for the
Alexander-Wrangellia-Peninsular composite
terrane must accommodate: (1) the 10 m.y. gap
in felsic magmatism (291–301 Ma) as defined
by the oldest Donjek Glacier suite and youngest Barnard Glacier suite granitoids; (2) Early
Permian magmatism in southeastern Alaska and
southwestern Yukon, the latter of which was at
least 30–50 km to the north-northeast of the Barnard Glacier suite belt; (3) late Early Permian
ending of Donjek Glacier suite magmatism;
(4) late Early Permian tectonism observed in the
Donjek Glacier batholith and along the Alsek
River; (5) Early to Middle Permian greenschistfacies metamorphism and ductile deformation
in the Admiralty subterrane; and (6) late Early
to early Late Permian deposition of the Pybus
Formation on top of both the Craig and Admiralty subterranes in southeastern Alaska.
We present four tectonic scenarios that satisfy
some or all of the geological data for Permian
rocks of the Alexander-Wrangellia-Peninsular
composite terrane. In the first scenario, the Donjek Glacier suite formed during the northeastward propagation of slab breakoff magmatism
after the emplacement of the Barnard Glacier
suite. This scenario requires Permian OIBlike mafic rocks (09VL05, 09VL16, 09VL28,
09VL37) to represent enriched asthenospheric
mantle melts that are observed in some Cenozoic slab breakoff systems (e.g., Coulon et al.,
2002; De Astis et al., 2006). It follows that
crustal melting and/or crustal contamination
processes led to the formation of some Permian felsic rocks in the Saint Elias Mountains
(09VL27, 09VL30, 09VL31) and correlative
granitoids and volcanic successions in southeastern Alaska. A simple slab breakoff origin
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Figure 12. Plate-tectonic reconstructions for the Alexander, Wrangellia, and Peninsular terranes during the: (A) Mississippian to Pennsylvanian; (B) middle to late Pennsylvanian; (C) Early Permian; and (D) Early to Middle Permian. (E) Slab breakoff model for the generation
of the 301–307 Ma Barnard Glacier suite. (F) Late Paleozoic chronology of the Alexander-Wrangellia-Peninsular (AWP) composite terrane
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for the Donjek Glacier suite, however, is inconsistent with both the 10 m.y. magmatic gap and
the need for a driving force to cause the Permian
deformation and metamorphism in the Craig
and Admiralty subterranes.
In the second scenario, the collision and subsequent slab breakoff are diachronous, which
could explain the continuity of convergence into
the Early Permian. In this context, the widening of the asthenospheric window required to
propagate the magmatism toward the foreland
of the downgoing Craig subterrane is related to
the progressive steepening of the attached slab
following the onset of collision (Regard et al.,
2008). This scenario is inconsistent with both the
10 m.y. magmatic gap in the Saint Elias Mountains and the similar timing of Early Permian

magmatic, deformational, and metamorphic
events along the length of the Craig subterrane
in southwestern Yukon and southeastern Alaska.
In the third scenario, Donjek Glacier suite
rocks are genetically related to a subduction
polarity flip and onset of east-directed subduction and arc magmatism along the western side
of the Alexander-Wrangellia-Peninsular composite terrane. This scenario requires that plate
convergence continued after Pennsylvanian
arc collision and led to the initiation of a new
subduction zone behind the old Wrangellia arc,
analogous to the Cenozoic polarity flip for the
Solomon arc after the attempted subduction
of the Ontong Java Plateau (polarity reversal–
induced nucleation of subduction zone of Stern,
2004). In this case, Permian mafic rocks resulted

from low-degree partial melts of enriched lithospheric mantle or upwelling asthenospheric
mantle, whereas the felsic rocks indicate a
subduction-related component and/or crustal
contamination or crustal melting processes.
Coeval OIB-like and calc-alkaline magmas that
are called for in this scenario are recognized in
extensional arc systems such as the Cenozoic
Ryukyu arc (Shinjo et al., 1999) and Paleozoic
Yukon-Tanana arc (Piercey et al., 2004). Early
Permian deformation and metamorphism in
the third scenario must be the result of upperplate, intra-arc or backarc compression within
the Craig and Admiralty subterranes, perhaps
analogous to the compressional tectonic setting
of the modern Andean system of South America.
An important requirement of the third scenario
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is that the Admiralty subterrane was situated on
the upper plate of this Permian convergent margin, and therefore already amalgamated to the
eastern side of the Craig subterrane prior to the
Pennsylvanian arc-continent collision. This scenario is inconsistent with the field evidence that
the Pybus Formation represents the oldest stratigraphic tie between the Craig and Admiralty
subterranes (Karl et al., 2010). The factors that
would have led to the discontinuation of shortlived Permian arc magmatism are not clear, but
some possible causative mechanisms include
an undocumented collisional event, significant
changes in plate motion, and/or flattening of the
subducted slab.
The fourth scenario satisfies all the available data and is therefore our preferred tectonic
model (Figs. 12C and 12D). The fourth scenario
requires Pennsylvanian plate convergence and
slab breakoff to be followed by the flare-up of an
Early Permian arc system along the eastern side
of the Craig subterrane. In this scenario, continuing plate convergence led to stepping back and
initiation of a new subduction zone along the outboard margin of the Craig subterrane, analogous
to the Cenozoic formation of the Mussau Trench
after the collision between the Caroline Ridge
and Yap Trench in the southwest Pacific Ocean
(transference-induced nucleation of subduction
zone of Stern, 2004). The new Permian subduction zone nucleated along a zone of lithospheric
weakness removed from the collision site, perhaps an existing fault system along the eastern
Craig subterrane that was orientated (sub)parallel to the Pennsylvanian collisional suture.
The appeal of this scenario is that it allows for
a collision between the passive margin of the
Admiralty subterrane and the arc built upon the
Craig subterrane proposed by Karl et al. (2010)
as the cause of Early Permian arc termination.
The entry of the Admiralty subterrane margin
into the Early Permian trench clogged the subduction zone and produced ductile deformation
and metamorphism in Saint Elias Mountains and
Admiralty Island regions, but not to the south,
where the arc system built upon Wrangellia
still faced an open ocean (Fig. 12C). The timing of this collisional event is best constrained
by the 284 Ma age of syntectonic granodiorite
(09VL27) in the Donjek Glacier batholith (this
study) and the late Early to early Late Permian
depositional ages of Pybus Formation strata that
overstep the Craig and Admiralty subterranes in
southeastern Alaska (Karl et al., 2010). The timing of Early Permian cooling and uplift of the
Alexander-Wrangellia-Peninsular composite
terrane may be recorded by K-Ar hornblende
ages of 272–284 Ma in the Saint Elias Mountains (Dodds and Campbell, 1988), metamorphic
Ar-Ar mica ages of 260–273 Ma on Admiralty
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Island (Karl et al., 2010), and the deposition of
Permian molasse(?) represented by conglomerates of the Hasen Creek Formation above
exhumed Late Devonian gabbro complexes in
southwestern Yukon (Israel et al., 2014).
Future studies of Pennsylvanian–Permian
tectonics in the Alexander-Wrangellia-Peninsular composite terrane are warranted. We specifically highlight the need for high-precision
zircon U-Pb geochronology and field studies of
late Paleozoic rocks in southwestern Yukon and
Alaska, including the Station Creek and Hasen
Creek Formations. Such data would expand
the timing of regional tectonics and improve
our understanding of terrane relationships. A
testable hypothesis related to our fourth Early
Permian scenario is that ca. 285 Ma tectonism is
kinematically linked to the Browns Fork orogeny in the Farewell terrane (FW in Fig. 1A), a
poorly understood microcontinental block with
Laurentian-Siberian affinities in south-central
Alaska. The Farewell terrane shares an endemic
Silurian sponge fauna with the Craig subterrane (Soja and Antoshkina, 1997) and may have
been in proximity to its Early Permian convergent margin. Bradley et al. (2003) defined the
Browns Fork orogeny as an Early Permian collisional event on the basis of metamorphic Ar-Ar
mica ages of 284–285 Ma and syntectonic clastic rocks that filled a late Paleozoic foreland
basin. The identity of the lithospheric block
in the upper plate of the collision is uncertain;
however, Bradley et al. (2003) did recognize the
similarities between the timing of the Browns
Fork orogeny and the ages of Pennsylvanian–
Permian magmatic rocks in Wrangellia. If the
Browns Fork orogeny was related to the evolution of the Alexander-Wrangellia-Peninsular
composite terrane, we predict that Upper Paleozoic clastic strata of the Farewell terrane, Alexander terrane (upper Icefield assemblage), and
northern Wrangellia (Hasen Creek Formation)
comprised an overstepping molasse assemblage
with comparable sedimentary provenance characteristics. For example, Upper Paleozoic rocks
of the Farewell terrane (Mystic subterrane) yield
280–310 Ma, 330–375 Ma, and 415–460 Ma
detrital zircon age populations (Hampton et al.,
2013) that could potentially be sourced from
rocks of the Craig subterrane in southwestern
Yukon (see data from this study and Icefield
assemblage clastic rocks reported by Beranek
et al., 2013b).
Late Paleozoic Paleogeography
The displacement history of the Alexander
terrane has been a matter of debate in the scientific literature for several decades (Churkin
and Eberlein, 1977; Gehrels and Saleeby, 1987;

Soja, 1994; Bazard et al., 1995; Gehrels et al.,
1996; Pedder, 2006; Soja and Krutikov, 2008;
Colpron and Nelson, 2009; Beranek et al., 2012,
2013a, 2013b). A combination of magmatic,
stratigraphic, fossil, and paleomagnetic data
sets currently support the Alexander terrane to
have evolved in the Northern Hemisphere and
proximal to the Ediacaran to Cambrian Timanian orogen of northeastern Baltica and the Arctic segment of the Silurian to Devonian Appalachian-Caledonian orogen of the supercontinent
Laurussia. New evidence for the late Paleozoic assembly of the Alexander-WrangelliaPeninsular composite terrane provides another
opportunity to define the paleogeography and
global plate-tectonic significance of Cordilleran
terranes.
Our preferred Early Permian paleogeographic
reconstruction is shown in Figure 13. The position of the Alexander-Wrangellia-Peninsular
composite terrane as part of a plate boundary
between the Uralian orogenic system of Eurasia
and Cordilleran continental margin–fringing arcs
outboard of western North America is primarily
based on the mid-Paleozoic position of the Craig
subterrane (Beranek et al., 2013b) and Permian
fossils (Dodds et al., 1993; Belasky et al., 2002),
which formed distinct biozones around the margins of the supercontinent Pangea (Fig. 13). For
example, some Hasen Creek Formation strata
yield Parafusulina cf. P. macdamensis (Ross), a
giant fusulinid that is comparable to “McCloud
belt” faunas that are diagnostic of the Cordilleran continental margin–fringing terranes and
Word Formation of Texas (Ross, 1969). Another
important fusulinid in the Hasen Creek Formation is Schwagerina cf. jenkinsi (Thorsteinsson),
an Arctic Fusulinacean Province taxon observed
in Sverdrup Basin strata of the Canadian Arctic Islands, piston cores from Northwind Ridge
in the modern Amerasia Basin, Svalbard, and
western Ural Mountains (Stevens and Ross,
1997). Brachiopods of the Hasen Creek Formation such as Productus uralicus Tschern,
Spirifer alatus Schlotheim, and Productus cf.
P. irginae Stuckenberg also resemble fossils
recognized in the Urals, Svalbard, and Canadian
Arctic Islands.
Paleomagnetic data that constrain the Permian paleolatitude of the Craig subterrane are
derived from the Halleck Formation of southeastern Alaska. Although some of the Halleck
Formation sites showed weak intensities that
suggest no original thermoremanent magnetization is retained, the results from four sites imply
an Early Permian latitude of 24.3 ± 18.6°N
(Butler et al., 1997). The position of the Alexander-Wrangellia-Peninsular composite terrane
in Figure 13 is within error of this paleolatitude
estimate.
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Late Paleozoic assembly of the Alexander-Wrangellia-Peninsular composite terrane

Early to Middle Permian
Extinct Early Permian
subduction zone

AWP

Siberia

Angayucham
Ocean

Stikinia

URAL MOUNTAINS

Yukon-Tanana
Quesnellia

30° N
Slide Mountain
Ocean

Baltica

E. Klamath

PANGEA

N. Sierra

Extinct L. DevonianE. Permian subduction zone

Laurentia

0°
McCloud belt fusulinids
Arctic belt fusulinids
Arctic belt brachiopods

Figure 13. Early Permian paleogeographic reconstruction for the Alexander-WrangelliaPeninsular (AWP) composite terrane modified from base map of Colpron and Nelson (2009)
and based on details discussed in the text. The Alexander-Wrangellia-Peninsular composite
terrane restores to a position between the Uralian orogenic system of Eurasia and continental margin–fringing arcs outboard of western North America. E.—Eastern, N.—North.

A significant outcome of this study is that
both the timing and location of AlexanderWrangellia-Peninsular composite terrane
assembly generally coincide with two major
plate reorganization events in the Northern
Hemisphere: (1) the Carboniferous to Early
Permian Uralian orogeny that juxtaposed the
Siberian and eastern European cratons; and
(2) an Early to Middle Permian subduction
polarity reversal within the Cordilleran pericratonic realm that eventually led to the consumption of Slide Mountain Ocean lithosphere
and Late Permian arc-continent collision
along western North America (Beranek and
Mortensen, 2011; Nelson et al., 2013). Farfield effects of the Uralian orogeny might have
influenced plate motions and allowed for Pennsylvanian arc-continent collision between the
Wrangellia-Peninsular terrane and Craig subterrane to the northwest of the supercontinent
Pangea. Early Permian plate reorganization that
took place after slab breakoff, regardless of the
tectonic scenario, potentially could have been
related to Early to Middle Permian subduction
polarity reversal within the Cordilleran pericratonic realm and part of a series of events that
led to the consumption of the Slide Mountain
Ocean (Beranek and Mortensen, 2011).

CONCLUSIONS
Late Paleozoic magmatic rocks in eastern
Alaska and southwestern Yukon have field
characteristics, geochemical compositions, and
zircon U-Pb crystallization ages that together
document the two-part assembly of the Alexander-Wrangellia-Peninsular composite terrane.
Middle to late Pennsylvanian (301–307 Ma)
rocks of the Barnard Glacier suite are related to
a slab breakoff event after the consumption of a
narrow backarc ocean basin and early Pennsylvanian collision between the Wrangellia-Peninsular arc and Craig subterrane passive margin.
Barnard Glacier suite rocks were emplaced
preferentially along the Wrangellia-Craig subterrane boundary and intrude Paleozoic strata
that display evidence for Pennsylvanian or older
deformation (D1). Early Permian (284–291 Ma)
rocks of the Donjek Glacier suite comprise the
vestiges of an arc system that formed by the stepping back and initiation of a new subduction zone
along the eastern, outboard margin of the Craig
subterrane after collision and slab breakoff. Final
assembly of the Alexander-Wrangellia-Peninsular composite terrane was accommodated by the
entry of the Admiralty subterrane margin into the
new Early Permian subduction zone and subse-

quent collision with the previously amalgamated
Craig subterrane–Wrangellia–Peninsular block.
Deformation and metamorphism associated
with this collisional event (D2) were ongoing
by 284–286 Ma in the Donjek Glacier batholith
and Alsek River areas of southwestern Yukon and
completed by the late Early to early Late Permian
deposition of the Pybus Formation in southeastern Alaska. These tectonic scenarios require the
currently accepted configuration of the Alexander
terrane to have only existed after the Early Permian collision between the Admiralty subterrane
and the previously assembled Craig subterrane–
Wrangellia–Peninsular terrane. The assembly of
the Alexander-Wrangellia-Peninsular composite
terrane took place along a plate margin that was
situated between the Uralian orogenic system
of Eurasia and Cordilleran arc system alongside
western Pangea.
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